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Abstract 13 
             The presence of selenite or selenate in potable water is a health hazard especially 14 
when consumed over a long period of time. Its removal from potable water is of importance.  15 
This paper reports technology for the removal of selenite from water through the use of 16 
thermally activated layered double hydroxides. 17 
Mg/Al hydrotalcites with selenite in the interlayer were prepared at different times from 0.5 to 18 
20 hours through ion exchange. X-ray diffraction of the MgAlSeO3 hydrotalcites indicates 19 
that the selenite anion entered the interlayer spacing of Mg/Al hydrotalcite and MgAlSeO3 20 
hydrotalcite was formed.  Raman spectra proved the presence of selenite anion in the 21 
hydrotalcite interlayer as the counter anion. The band intensity and width of MgAlSeO3 22 
hydrotalcite in the region of 3800 to 3000 cm-1 increases with the adsorption of selenite by the 23 
Mg/Al hydrotalcite.  The characteristic bands of free selenite anions in the MgAlSeO3 24 
hydrotalcites are located between the region between 850 and 800 cm-1. The Raman spectra of 25 
the lower wavenumber region of 550 to 500 cm-1 show a shift toward higher wavenumbers 26 
with adsorption of the selenite.  Thermally activated LDHs provide a mechanism for 27 
removing selenite anions from aqueous solutions.  28 
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Introduction 35 
           36 
Layered double hydroxides (LDH), also known as hydrotalcites or anionic clays have 37 
received increasing attention in recent years due to their wide range of applications as anion 38 
exchangers, adsorbents, ionic conductors, catalyst precursors and catalyst supports (Miyata, 39 
1983; Mitchell and Wass, 2002; Scavetta et al., 2005).  Hydrotalcites are naturally occurring 40 
minerals derived from a brucite structure (Mg(OH)2) in which e.g. Al3+ or Fe3+ substitutes for 41 
part of the Mg2+. This substitution creates a positive layer charge on the hydroxyl layers, 42 
which is compensated by interlayer anions or anionic complexes (Frost et al., 2007)  . These 43 
anions may be any anion with a suitable negative charge including the selenite anion (Hou 44 
and Kirkpatrick, 2000).   Selenium occurs naturally in a number of inorganic forms, including 45 
selenide, selenate and selenite (Tsuji et al., 2000). For most aqueous medium, selenium exists 46 
in two primary oxidation states: Se(IV) usually as HSeO3− (biselenite) or SeO3 2− (selenite),  47 
and Se(VI) usually present as SeO42−  (selenate)  (Das et al., 2002). Selenite (SeO32–), 48 
ubiquitous at various kinds of environment of soils, water and air fields (Peak et al., 1997), is 49 
an oxyanion of environmental importance due to its toxicity to animals at higher 50 
concentrations, notably waterfowl and grazing animals. Selenite in potable water is toxic to 51 
humans. 52 
 53 
      One means of studying the uptake of the selenite anion is to use Raman spectroscopy.   54 
Raman spectroscopy is especially sensitive to oxyanions.   Raman spectroscopy for chemical 55 
analysis combines many of the advantages of FTIR and NIR absorption, having some added 56 
features based on resonance and/or surface enhancement, polarization measurements, 57 
compatibility and high spectral resolution (Montea et al., 2001).    Raman spectroscopy,  58 
enables the identification of the interlayer anions and may be used to identify mixtures of 59 
anions in the interlayer of hydrotalcite  (Kloprogge et al., 2004; Frost et al., 2005; Frost et al., 60 
2006; Palmer et al., 2008).  In this research, we present Raman spectroscopy on the selenite 61 
adsorption behavior upon hydrotalcite in the interlayer and explore the adsorption kinetics 62 
using a combination of  X-ray diffraction and Raman spectroscopy. In this paper, we show 63 
that a thermally activated synthetic hydrotalcites can be used to remove selenite anions from 64 
aqueous solution. 65 
 66 
  67 
 3
Experimental 68 
 69 
Synthesis of Mg/Al hydrotalcite 70 
 71 
      A mixed solution of aluminium and magnesium nitrates ([Al3+] = 0.25M and [Mg2+] = 72 
0.75M) and a mixed solution of sodium hydroxide ([OH-]=2M) and the desired anion 73 
carbonate or selenite, at the appropriate concentration, normally 0.1 M, were placed in two 74 
separate vessels. In order to make the thermally activated hydrotalcite, it is easier and less 75 
expensive to make the hydrotalcite with carbonate in the interlayer. The carbonate anion can 76 
be readily removed by thermal treatment.  Hydrotalcites were also synthesized with selenite 77 
anions in the interlayer as the only interlayer anion.  All compounds were dissolved in freshly 78 
decarbonated water. The cationic solution was added to the anions via a peristaltic pump at 79 
40mL/min and the pH maintained above 9. The mixture was aged at 80°C for 18 hours. The 80 
resulting precipitate was then washed thoroughly with room temperature decarbonated water 81 
to remove nitrates and left to dry in a vacuum desiccator for several days. In this way 82 
hydrotalcites with different anions in the interlayer were synthesized. The phase composition 83 
was checked by X-ray diffraction and the chemical composition by EDX analyses.  84 
 85 
      In order to achieve the best result for adsorption of selenite from an aqueous medium, the 86 
thermally decomposed temperature was selected by studying the thermoanalytical patterns.  87 
The Mg6Al2(OH)16(CO3)4H2O hydrotalcite was themally activated by rapid heating to 340°C. 88 
The dehydration, dehydroxylation and loss of carbonate has occurred by this temperature.The 89 
thermally activated hydrotalcite was kept in a sealed, dry container to minimize absorption of 90 
CO2 and water vapour preventing the reformation of the clay-like structure.  91 
 92 
Selenite adsorption 93 
 94 
            The thermally activated hydrotalcite powder (3.0 g) was then placed in a large excess 95 
of decarbonated sodium selenite solution (0.1 M, 436 mL, pH ~~12.5) and stirred under a 96 
nitrogen atmosphere.  Aliquots (80 mL) were taken out at regular intervals. The mixture was 97 
stirred continuously and aliquots of solution were taken at intervals from 30 min to 20 hours, 98 
filtered and dried before subsequent analysis. The resultant solution was vacuum filtered and 99 
rinsed two times with freshly decarbonated water. By using the hydrotalcite reformation 100 
effect, the selenite entered the interlayers of the thermally activated hydrotalcites and formed 101 
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the MgAlSeO3 hydrotalcites. The hydrotalcites were left to dry in a vacuum desiccator to 102 
minimize exchange with carbon dioxide from the air.         103 
 104 
X-ray diffraction  105 
 106 
The samples of hydrotalcite were pressed in stainless steel sample holders. X-ray 107 
diffraction  patterns were recorded using CuKα radiation (n = 1.5418Ǻ) on a Philips 108 
PANalytical X’ Pert PRO diffractometer operating at 40 kV and 40 mA with 0.25° divergence 109 
slit, 0.5° anti-scattter slit, between 1.5 and 20° (2θ) at a step size of 0.0167°. For XRD at low 110 
angle section, it was between 1 and 5° (2θ) at a step size of 0.0167° with variable divergence 111 
slit and 0.125° anti-scatter slit. 112 
 113 
Raman microprobe spectroscopy 114 
 115 
          Hydrotalcite crystals were placed and orientated on a polished metal surface on the 116 
stage of an Olympus BHSM microscope, which is equiped with 10x and 50x objective lenses. 117 
The microscope is part of a Renishaw 1000 Raman microscope system, which also includes a 118 
monochromator, a filter system and a Charge Coupled Device (CCD). Raman spectra were 119 
excited by a Spectra-Physics model 127 He-Ne laser (633 nm) at a resolution of 2 cm-1 in the 120 
range between 100 and 4000 cm-1. Repeated acquisition, using the highest magnification, was 121 
accumulated to improve the signal to noise ratio in the spectra. Spectra were calibrated using 122 
the 520.5 cm-1 line of a silicon wafer. Powers of less than 5 mW at the sample were used to 123 
avoid laser induced degradation of the sample.  124 
 125 
        Spectroscopic manipulation such as baseline adjustment, smoothing and normalisation 126 
were performed using the Spectracalc software package GRAMS (Galactic Industries 127 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ 128 
software package, which enabled the type of fitting function to be selected and allows specific 129 
parameters to be fixed or varied accordingly. Band fitting was done using a Gauss-Lorentz 130 
cross-product function with the minimum number of component bands used for the fitting 131 
process. The Gauss-Lorentz ratio was maintained at values less than 0.7 and fitting was 132 
undertaken until reproducible results were obtained with squared correlations of r2 greater 133 
than 0.995. 134 
 135 
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Results and discussion 136 
 137 
X-ray diffraction of Mg/Al hydrotalcite and the MgAlSeO3 hydrotalcite 138 
 139 
          Upon adding the thermally activated hydrotalcite to the sodium selenite solution, the 140 
selenite is absorbed into the hydrotalcite interlayer through the reformation effect.  In this way  141 
MgAlSeO3 hydrotalcites  are formed.  One method of following the uptake of the selenite 142 
anion is to expose the selenite solution to the thermally activated hydrotalcite for different 143 
lengths of time and to analyze the collected reformed hydrotalcite using powder X-ray 144 
diffraction.   The XRD patterns for MgAlCO3 hydrotalcite and MgAlSeO3 hydrotalcite are 145 
shown in Figure 1.  The sharp, symmetric peaks of the basal (003), (006) planes are observed, 146 
three non-basal planes of (012)+(009), (015) and (018) are also observed. All these features 147 
are characteristic of a typical hydrotalcite phase (Pérez-Ramírez et al., 2001; Wang et al., 148 
2003; Pérez-Ramírez et al., 2007; Wang et al., 2007).  149 
 150 
         The original Mg/Al hydrotalcite has a d(003) and d(006) spacing of 0.773 and 0.386nm, 151 
respectively. The MgAlSeO3 hydrotalcite has an almost identical d-spacing value after 152 
selenite- absorbed hydrotalcite after contact for 0.5 hour.  There is only a 0.003 nm increase 153 
in the d(003) spacing. The peak width  increases with the formation of MgAlSeO3 hydrotalcite 154 
with increasing reaction times. The width of the XRD peak provides an indication of the 155 
MgAlSeO3 hydrotalcite crystallite size.  The increase in peak width shows that the crystallite 156 
size of the selenite hydrotalcite decreases with exposure time.  It is noted that the spacing 157 
value of d(003) increases as the reaction time of the thermally activated hydrotalcite and 158 
selenite increase.  This is as expected. As more selenite anion is adsorbed into the reforming 159 
hydrotalcite, an increased d(003) spacing is expected.  The d(003) values for 2, 4 and 20 160 
hours are  0.793, 0.801 and 0.806 nm respectively (Fig. 1). The distances between the 161 
hydroxyl layers increased with the reaction  time providing an indication that the selenite 162 
anion was absorbed into the hydrotalcite interlayers. The d-spacing for the 2 hours is 0.793 163 
nm and 0.801 nm for 4 hours exposure time, thus there is 0.008 nm increase.  However, the 164 
measurement at 16 hours for the d(003) value of MgAlSeO3 hydrotalcite increased from 0.801 165 
to 0.806 nm, suggesting that the maximum expansion occurs during the period from 2 to 4 166 
hours. The value of the d (003) changes little after this period.  Variation for three non-basal 167 
planes of (012)+(009), (015) and (018) are observed although there is a certain increase in 168 
interlayer spacing for (012)+(009), (015) and (018). These values provide evidence that the 169 
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selenite anion entered the interlayer space of hydrotalcite.  The XRD patterns for the uptake 170 
of the selenite anion by the thermally activated hydrotalcite show that the selenite anion is 171 
absorbed quite quickly and most of the selenite ion is adsorbed within the first 30 minutes.   172 
                        173 
 Raman spectroscopy 174 
 175 
        Raman spectroscopy is a tool for the study of the reformation of hydrotalcites and is 176 
most useful for the detection of oxyanions.  Oxyanions such as carbonate and selenite will 177 
have bands in different parts of the spectrum and therefore can be distinguished. The uptake 178 
of the selenite anion may be followed by studying the increase in intensity of typical selenite 179 
bands in the 870-900 cm-1 region.  The Raman spectra in the 3800 to 3000, 1100 to 1000,  900 180 
to 750, and 600 to 400 and 200 to100 cm-1 region of Mg/Al hydrotalcite and MgAlSeO3 181 
hydrotalcite are shown in Figures 2, 3, 4, 5 and 6, respectively.  182 
 183 
            The Raman spectra of the 3800 to 3000 cm-1 region for Mg/Al hydrotalcite and 184 
MgAlSeO3 hydrotalcite are observed in Figure 2. The Raman bands in the 3800 to 3000 cm-1 185 
region are attributed to the H-bonded stretching vibrations of the OH units of the brucite-like 186 
sheets, and stretching vibrations of water molecules. Raman spectroscopy is not as useful for 187 
the detection of water since the Raman scattering cross section is very low.  Thus Raman 188 
spectroscopy is more useful for the detection of OH vibrations.  The Raman spectroscopy of 189 
the OH stretching vibrations from the hydroxyl surface of the hydrotalcite is more readily 190 
observed compared with that of water. Two intense bands of 3595 and 3494 cm-1 and the 191 
other less intense bands of 3680 and 3379 cm-1 for Mg/Al hydrotalcite are observed (Figure 2).    192 
 193 
           The bands at around 3680, 3647 and 3595 cm-1 for the 0.5 hour MgAlSeO3 hydrotalcite 194 
are assigned to the OH stretching vibrations of OH units of –AlOH and –MgOH. There is no 195 
large variation for the band of 3595 cm-1 band in position and intensity comparing 0.5 hour 196 
with 20 hours MgAlSeO3 hydrotalcite, indicating the amount of selenite entering the 197 
interlayer spacing can not influence the wavenumber and size of the peak. The band intensity 198 
of 3595 cm-1 is constant for all samples of different exposure times.  This indicates that the 199 
uptake of the selenite anion is immediate and occurs within the first 30 minutes.  The Raman 200 
bands at 3504, 3401 and 3255 cm-1 for 0.5 hour MgAlSeO3 hydrotalcite are assigned to water 201 
OH stretching vibrations of the hydroxyl surface of the brucite-like layers. The band of 3504 202 
cm-1 shifts toward lower wavenumbers and its intensity increases with prolonged exposure 203 
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time, becoming the 3497 cm-1 in wavenumber for 20 hours, and its intensity also increased. 204 
This decrease in wavenumber is attributed to the increase in hydrogen bond strength. In 205 
addition, the width of all bands of MgAlSeO3 hydrotalcite is larger than the hydrotalcite 206 
without adsorption of selenite (see bottom spectrum of Fig.2). 207 
 208 
            The spectra in the 1030 to 1080 cm-1 region shows strong bands at 1061 cm-1 209 
attributed to the (CO3)2- symmetric stretching mode (Figure 3). These bands show that carbon 210 
dioxide is adsorbed from the atmosphere during the experiment.  An alternative explanation 211 
rests with the incomplete removal of the carbonate anion during the thermal activation of the 212 
hydrotalcite.  The band at 1046 cm-1 is also assigned to the (CO3)2- symmetric stretching 213 
mode stretching mode.  The position of the band suggests that the carbonate is non-bonded or 214 
is weakly bonded.  The existence of 1061 and 1046 cm-1 indicates the carbonate anion is 215 
absorbed into the structure of MgAlSeO3 hydrotalcite. The fact that carbonate anion is formed 216 
in the interlayer may assist in the absorption of selenite anion into the interlayer.  The size of 217 
the selenite anion is larger than the carbonate anion and has a different structure compared 218 
with the carbonate anion. The carbonate anion inserts between the layers, thus enabling 219 
further expansion as the selenite anion enters the interlayer.  220 
 221 
            After the thermally activated Mg/Al hydrotalcite is exposed to aqueous selenite 222 
solutions for 0.5 hour, the main band at 1060 cm-1 moves slightly towards higher 223 
wavenumbers (Figure 3).  The shift may indicate an interaction between the carbonate anion 224 
and the selenite anion. Both anions are of a similar charge and are similar is size.  The 225 
shoulder bands at around 1630 cm-1 (not shown) also shifted  from 3 to 12 cm-1 toward  higher 226 
wavenumbers after absorption of selenite. It is suggested that the uptake of selenite changes 227 
the hydrogen bonding in the hydrotalcite interlayer.  The shoulder bands at 1550-1400cm-1 228 
did not change in position after absorption of selenite by the thermally activated hydrotalcite 229 
for 1 hour, but wavenumber of the bands changed as the reaction time prolonged, there is 1 to 230 
8 cm-1 increase for 20 and 4 hours MgAlSeO3 hydrotalcite (Figure 3).         231 
   232 
           The selenite ion should show a maximum of six bands.  The free ion will have C3v 233 
symmetry and four modes, 2A1 and 2E.  Nakamoto (Nakamoto, 1970) gives these as 807, 432 234 
cm-1 (A1) and 737, 374 cm-1 (E). The bands from 900 to 750 cm-1 for MgAlSeO3 hydrotalcite 235 
are shown in Figure 4.   In Figure 4, no bands are observed for the Mg/Al carbonate 236 
hydrotalcite in this spectral region.  There appear two to three peaks in the region of 900 to 237 
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750 cm-1 for Mg/Al hydrotalcite with adsorption of selenite as the selenite intercalated 238 
hydrotalcite is formed. The bands between the region of 850 and 800 cm-1 are attributed to 239 
bonded selenite anions in the hydrotalcite interlayer, suggesting that selenite anions are held 240 
in the spacing of hydrotalcite interlayer and the thermally activated Mg/Al hydrotalcite 241 
absorbs the selenite anion.  242 
 243 
         An intense main band at 550 cm-1 for the Mg/Al hydrotalcite and other three shoulder 244 
bands locating at 569, 558 and 540 cm-1 are observed in Figure 5. These intense bands are 245 
typical of Al(OH)6 unit due to the vibration of aluminum-oxygen bonds (Villegas et al., 2003; 246 
Wang et al., 2003). After the thermally activated Mg/Al hydrotalcite was exposed to aqueous 247 
selenite solutions for 0.5 and 1 hour, no obvious variation occurs in the spectra. This 248 
suggested that the reaction time was so short and no change in the spectra was observed. After 249 
two hours, the major bands of 550 cm-1 for Mg/Al hydrotalcite became 547 cm-1 for 250 
MgAlSeO3 hydrotalcite, the wavenumber of the main peak decreased. In addition, the 251 
shoulder band of 540 cm-1 for Mg/Al hydrotalcite also shifted toward the region of the lower 252 
wavenumber, becoming 533, 538, 538 and 533 cm-1 for 0.5, 1, 2, 4 and 20 hours MgAlSeO3 253 
hydrotalcite, respectively.  This confirms that the adsorption of the selenite anion into the 254 
interlayer of Mg/Al hydrotalcite.  This proves that the thermally activated hydrotalcite 255 
adsorbed the selenite anion from an aqueous solution. 256 
 257 
           Bands at 481 and 465 cm-1 are observed for 0.5 hour MgAlSeO3 hydrotalcite, there is a 258 
shift of 10 cm-1 toward the region of higher wavenumber compared with the band of 475cm-1 259 
of Mg/Al hydrotalcite (Figure 5). With further increase in exposure time, the two bands for 260 
the 0.5 hour MgAlSeO3 hydrotalcite divided into three bands for 1.0 hour MgAlSeO3 261 
hydrotalcite.  The spectra in this region are identical to that of the hydrotalcite of 1 and 2 262 
hours exposure. However, the band intensity of 465 cm-1 for 4 and 20 hours increases, 263 
indicating that the hydrotalcite adsorbed more selenite and much more selenite anion entered 264 
the interlayer spacing of the thermally acted Mg/Al hydrotalcite.  265 
 266 
            The Raman spectra of the 200 to 100 wavenumber region are shown in Figure 6.  A 267 
broad, asymmetric band for Mg/Al hydrotalcite is observed at around 145 cm-1, which may be 268 
resolved into component bands. The bands extended from120 to180 cm-1 are assigned  to 269 
hydrogen-bond stretching vibrations involving the hydrotalcite OH units and the water in the 270 
interlayer (Palmer et al., 2008). The main band for MgAlSeO3 hydrotalcite shifts toward the 271 
 9
region of the higher wavenumber and is at 148 cm-1 for 1, 2 and 20 hours MgAlSeO3 272 
hydrotalcite. The band FWHM of MgAlSeO3 hydrotalcites is narrower comparing with that of 273 
Mg/Al hydrotalcite. This suggested that the amount of water decreases as more selenite 274 
entered the interlayer spacing of the Mg/Al hydrotalcite.   275 
 276 
 277 
 278 
 279 
Conclusions 280 
 281 
           In this research we have shown that the thermally activated Mg/Al hydrotalcite can be 282 
used as an effective absorbent for removal of selenite from potable water. The selenite anion, 283 
as shown by the XRD and Raman spectroscopy, is incorporated into the hydrotalcite 284 
interlayer as the counter anion. The d(003), d(006) spacing between the hydroxyl layers were 285 
increased  with increasing reaction time and the reaction is complete during the period from 2 286 
to 4 hours. The intercalation of selenite in the Mg/Al hydrotalcite occurs quickly and most is 287 
adsorbed in the first 30 minutes. 288 
 289 
         Raman spectroscopy identified the nature of the anion in hydrotalcite. The band 290 
intensity and the FWHM of OH stretching vibrations of–AlOH and –MgOH units and water 291 
OH for MgAlSeO3 hydrotalcite increased with the exposure time in the region of 3800 to 292 
3000 cm-1. The bands at around 1800-1040 cm-1 are not influenced by the adsorption of 293 
selenite anion into the MgAlSeO3 hydrotalcite interlayer. The bands between the region of 294 
850 and 800 cm-1 are attributed to the selenite anions bonded to the brucite-like layer in the 295 
interlayer spacing of MgAlSeO3 hydrotalcite. The bands at 550 and 475 cm-1 for the Mg/Al 296 
hydrotalcite shift towards lower wavenumber with intercalation of the selenite anion in the 297 
interlayer spacing of Mg/Al hydrotalcite. The water content appears to decrease with more 298 
selenite entering the interlayer spacing of the Mg/Al hydrotalcite.  This research shows that a 299 
thermally activated hydrotalcite is very useful for the adsorption of the selenite anion from an 300 
aqueous solution. Such technology is most appropriate for the purification of potable water. 301 
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